Four long-range PCR assays were developed using primers amplifying approximately 20 kb 142 of the genomic region spanning all 16 map1 paralogs (Fig. 1) . The primer sequences used 143 for long-range PCR assays are listed in Table S1 . PCR was carried out using high-fidelity 144 PrimeSTAR GXL DNA polymerase (Takara Bio, Shiga, Japan) according to the 145 manufacturer's instructions. The PCR products were purified using ExoSAP-IT (USB 146 Corporation, Cleveland, OH) and sequenced using primers listed in Table S1 . The To detect the possible signatures of positive, negative, or neutral selection across map1 154 family genes as well as those of HR we carried out the following analysis: 
Detection of recombination breakpoints 173
From abundant algorithms and software tools designed to detect and analyse recombination, 174 we used the Genetic Algorithm Recombination Detection (GARD) implemented in the 175 Datamonkey 2.0 modern web application (Weaver et al., 2018) to analyse multiple-176 sequence alignments for recombination to estimate the number and location of breakpoints 177 and segment-specific phylogenetic trees. The method searches for all possible breakpoints 178 in the sequence alignment, infers phylogenies for each putative non-recombinant fragment, 179 and assesses goodness of fit using Akaike Information Criterion (AIC) (Sugiura, 1978) , an 180 information-based criterion derived from a maximum likelihood model fit for each segment 181 augmented by a genetic algorithm (GA) heuristic to quickly explore a large-state space 182 (Kosakovsky Pond et al., 2006) . highest recombination breakpoints (r = 262) followed by map1-2 (r = 208), and this 210 dropped dramatically to 106, 101, and 100 in map1-6, map1-5, and map1-14, respectively 211 ( Fig. 3) . The least recombination breakpoints detected were in map1-10 (r = 30) and map1-212 1 (r = 29). The actual location of the recombination breakpoints is illustrated in Fig. 4 218 We detected negative purifying selection in 12 out of 16 genes and no single positive 227 We assumed a balancing selection for the following reasons: first, the excess of dN 228 polymorphisms represents either balancing or purifying selection (Table 2) third, an excess of polymorphisms and high frequencies of segregating sites, as indicated 232 clearly in Table 2 . The purifying selection detected can be explained by the purifying 233 balancing selection as shown in Fig. 5 , where map1 also scored the highest in purifying 234 balancing selection. In contrast, map1-3 and map1-4 were found to experience purifying 235 directional selection.
Negative diversifying selection

Balancing selection
236
The patterns of genetic variation are shaped by two stochastic events that are the history of Negative/purifying or background selection plays a substantial role in maintaining the long-246 term stability of E. ruminantium populations across different countries by removing 247 deleterious mutations. Therefore, this type of selection is more prevailing for the success of 248 evolution in optimizing the functions of an organism. Purifying selection ensures that 249 deleterious mutations cannot take over a population and that any improved structures when 250 fixed in a population are maintained as long as they are required. Host-parasite interactions 251 are a renowned example of this type of situation. In this regard, the host immune system 252 evolves to recognize a special structure on the parasite and allows its removal. This in turn 12 induces negative selection on the current form of the parasite while leading to positive 254 selection of variants that cannot be recognized by the host (Charlesworth et al., 1995) . 255 In this study, a strong purifying selection was illustrated in map1 gene compared to other 256 family genes, indicating that this gene plays an essential functioning role in the immune 257 system. On the other hand, other members of the gene family demonstrated varied levels 258 from moderate to weak purifying selection, which could be explained as a signature of 259 functional orchestration that results in each family gene playing parts with varying degrees.
260
This negative/purifying selection is the main evolutionary force that has shaped most of the 261 outer membrane gene families and could be explained by the demographic history of 262 longstanding pathogen pressure. 263 We also detected balancing selection on this map 1 gene family, a type of selection that is 264 known to maintain the genetic variation in immunity genes. Balancing of host-parasite 265 coevolution is well documented in literature (Charlesworth and Charlesworth 2010; 266 Eizaguirre et al., 2012; Phillips et al., 2018) . This coevolution between hosts and pathogens 267 results in balancing selection by maintaining the genetic diversity at immunity genes such 268 as the map1 family. In other words, E. ruminantium overcomes the host immune system by 269 maintaining extensive and strong genetic diversity in map1 gene among the 16 genes in the 270 family, with moderate to weak diversity in other family genes in infected cattle hosts, thus 271 trying to escape recognition by the immune system of the cattle host.
272
It is well known that balancing selection is expected to operate and maintain high variation 273 in some immune genes through mechanisms of overdominance, negative frequency-274 dependent selection, or temporally and spatially fluctuating selection. All these are 275 expected to work on map1 family genes, operating with various degrees in these paralogous 276 13 genes that play a major role in balancing selection plus negative purifying selection in the 277 evolution of these immunity-related genes.
278
Selection here tends to predominantly maintain map1 and to some extent map1-2 and 279 map1-6 (Fig. 4) . The genetic signature of balancing selection is an excess of polymorphic found that a recombination between two map1 genes, namely at map1-3 and map1-2, had 323 occurred in one subpopulation with deletion of one entire gene.
324
As previously noted, the E. ruminantium map1 multigene family is regulated differently in 325 the host and tick cell environments subject to recombination causing an altered gene 326 arrangement and different transcriptional activities (Bekker et al., 2005) . This has also been 327 demonstrated in malaria parasites, where the stage of the parasite and the period of Here, we identified negative and balanced polymorphism selections in the map1 multigene 334 family, a selective pressure that has shaped E. ruminantium in response to environmental 335 changes over time and space, most noticeably observed in map1 followed by map1-2 and to 336 a lesser extent in the other gene family members. in the short internal branches as seen in map1-10 (C) and map1-12 (D).
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